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(57) ABSTRACT

A method for determining the proximity to an electrically
conductive body comprises transmitting an alternating mag-
netic field at a selected frequency and registering an alternat-
ing magnetic field. Frequencies of the registered alternating
magnetic field comprising the selected frequency and have an
amplitude value above a predefined threshold value and are
detected by a detection means. Utilizing a blocking circuit,
frequencies of a predefined frequency band comprising the
detected frequency or a plurality of predefined frequency
bands comprising in each case one of the detected frequen-
cies, are defined as blocked frequencies. A following fre-
quency following the respective selected frequency and dif-
ferent from the selected frequency and the blocked
frequencies is defined in a selection controller. The following
frequency of a selected frequency is continuously selected as
anewly selected frequency for a new time window following
immediately after or chronologically spaced apart from a
selected time window.
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1
PROXIMITY SENSOR AND METHOD FOR
DETERMINING THE PROXIMITY TO AN
ELECTRICALLY CONDUCTIVE BODY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit, under 35 U.S.C. §119,
of DE 102012 004 308.2, filed Mar. 1, 2012, the disclosure of
which is incorporated herein by reference in its entirety.

FIELD

The invention relates to a proximity sensor for determining
the proximity to an electrically conductive body and a method
for determining the proximity to an electrically conductive
body.

BACKGROUND

Proximity sensors are conventionally used for determining
the proximity to an electrically conductive body, the proxim-
ity sensors having a transmitting arrangement with an oscil-
lating circuit. An electrical oscillation at a selected predefined
frequency is produced by the oscillating circuit. The electrical
oscillation, in turn, produces an alternating magnetic field
which is transmitted by a coil of the oscillating circuit and has
the same frequency as the electrical oscillation. The transmit-
ted alternating magnetic field is propagated from the proxim-
ity sensor and, if an electrically conductive body is located in
the region of the transmitted alternating magnetic field, hits
the electrically conductive body. An alternating current,
which is also known as an eddy current, is produced in the
electrically conductive body by the transmitted alternating
magnetic field. The eddy current results in an alternating
magnetic field which has the same frequency as the transmit-
ted alternating magnetic field.

Such proximity sensors also have a receiving arrangement,
by means of which an alternating magnetic field is registered.
Inparticular, the alternating magnetic field which is transmit-
ted back from the electrically conductive body is registered
by means of the receiving arrangement. By comparing the
transmitted and the registered alternating magnetic fields, for
example by comparing the maximum amplitudes thereof and/
or the phase shift thereof, the proximity and/or the degree of
proximity of the electrically conductive body to the proximity
sensor may be determined.

When determining the proximity, however, false values
occur when interfering alternating magnetic fields are present
in the region of the receiving arrangement, in particular at the
same frequency as the respectively transmitted frequency of
the transmitted alternating magnetic fields. The interfering
alternating magnetic fields may occur, for example, as aresult
of electric motors or other interfering devices present in the
vicinity.

SUMMARY

The object of the invention, therefore, is to find a proximity
sensor and a method for determining the proximity to an
electrically conductive body which permit the proximity to be
reliably determined, irrespective of interfering alternating
magnetic fields.

The invention achieves this object by a proximity sensor
for determining the proximity to an electrically conductive
body and a method for determining the proximity to an elec-
trically conductive body, as described and claimed below.
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To this end, the proximity sensor according to the invention
for determining the proximity comprises a transmitting
arrangement by which an alternating magnetic field is trans-
mitted. The alternating magnetic field in this case has a fre-
quency which corresponds to a selected frequency. Chrono-
logically, the frequency is transmitted in each case for a
predetermined and/or predefined time window, the frequency
corresponding to the times of the current time window of the
current selected frequency.

An alternating magnetic field corresponds to a magnetic
field, the field strength thereof changing temporarily at a
predefined frequency. In this case, a changing field strength
which varies between negative and positive maxima is pos-
sible, the field lines thereof thus extending periodically in
opposing directions. A changing field strength which varies
between positive minima and maxima or negative minima
and maxima is also possible. Moreover, the invention com-
prises a receiving arrangement for registering an alternating
magnetic field. The receiving arrangement is, for example, an
oscillating circuit, the electrical oscillation thereof produced
by the registered alternating magnetic field being measured.

According to the invention, the proximity sensor com-
prises a detection means, by means of which one or more
frequencies of the registered alternating magnetic field are
picked up and/or detected when the frequencies are outside a
predefined frequency band having the selected frequency and
have an amplitude value above a predefined threshold value.

Individual frequencies which occur in the registered alter-
nating magnetic field, therefore, are initially considered by
means of a detection means. To this end, for example, an
electrical signal from the alternating magnetic field is gener-
ated, amplified and/or mixed and transformed into the spec-
tral range, for example by means of a Fourier transformation.
Thus, all frequency lines in the spectral range are detected
which do not correspond to the frequency line of the selected
transmitted frequency or which are not in a predefined range,
i.e. a predefined frequency band around the frequency line of
the selected transmitted frequency and which in each case
additionally have an amplitude which is above a predefined
threshold value. The detected frequencies are then transferred
to a blocking circuit of a control logic.

In the case of a detected frequency, the frequencies which
are in a predefined frequency band having the detected fre-
quency are defined as blocked frequencies by means of the
blocking circuit. “Predefined frequency band” means a fre-
quency band which is defined, for example, in bandwidth
and/or relative to the mean frequency—relative to the respec-
tively detected frequency. In the case of a plurality of detected
frequencies, the frequencies which in each case are in one of
aplurality of predefined frequency bands having in each case
at least one of the detected frequencies are defined as blocked
frequencies. The blocked frequencies are defined by the
blocking circuit as blocked frequencies for a predefined time
period.

The control logic also has a selection controller. When
determining the proximity, the selection controller serves for
the continuous and repeated defining of one respective fre-
quency following the respective currently selected frequency.
The frequency following the respective currently selected
frequency is denoted as the following frequency of the cur-
rently selected frequency. In this case, a following frequency
is defined such that the frequency differs from the selected
frequency which is followed by the following frequency.
Moreover, the following frequency is selected and/or defined
such that the frequency differs from the frequencies blocked
at that time. When defining the following frequency of a
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currently selected frequency, therefore, the respective cur-
rently selected frequency as well as the blocked frequencies
are excluded.

In a time control, a following frequency of the currently
selected frequency is continuously selected as a newly
selected frequency, so that in successive time windows con-
tinually variable frequencies are selected which do not cor-
respond to one of the blocked frequencies. The following
frequency is thus selected for a time window following the
current time window, which follows immediately after or is
chronologically spaced apart from the current time window.

The invention further comprises a method for determining
the proximity to an electrically conductive body. In the
method, an alternating magnetic field is transmitted at a
selected frequency in a transmitting step and an alternating
magnetic field is registered in a receiving step. In a detection
step, one or more frequencies of the detected alternating
magnetic field which are outside a predefined frequency band
having the selected frequency and have an amplitude value
above a predefined threshold value are detected.

The frequencies detected in the detection step are pro-
cessed further in a blocking step of a control step. In the
blocking step, frequencies of a predefined frequency band
having the detected frequency or a plurality of predefined
frequency bands having in each case at least one of the
detected frequencies are defined for a predefined time period
as blocked frequencies. In a selection step of the control step,
a frequency following the currently selected frequency and
different from the respective currently selected frequency,
which is denoted as the following frequency of the respective
currently selected frequency, is continuously selected. When
selecting and/or defining the following frequency, the
blocked frequencies are excluded.

In a time control step of the control step, the following
frequency of a currently selected frequency is continuously,
i.e. repeatedly as time progresses, defined and/or selected as
a newly selected frequency. This following frequency is
selected as the selected frequency for a subsequent new time
window, following immediately after or chronologically
spaced apart from the current time window.

As a result of the invention, determining the proximity to
an electrically conductive body is possible even when inter-
fering alternating magnetic fields are registered by the receiv-
ing arrangement. This is possible as the selected frequency
always differs from the frequencies of interfering alternating
magnetic fields, by means of the frequencies detected by the
detection means and blocked by the blocking circuit.

According to an embodiment of the proximity sensor, the
transmitting arrangement has an oscillating circuit compris-
ing at least one coil and a plurality of capacitors able to be
connected in parallel in any combination with one another, in
each case by switches. The oscillating circuit serves for pro-
ducing an electrical oscillation at the selected frequency and
an alternating magnetic field at the same frequency resulting
from the oscillation. The control logic further comprises acti-
vation means for activating the switches. By activating the
switches, the total capacity of the oscillating circuit varies and
thus the frequency of the electrical oscillation is switched
over.

According to an embodiment of the method, in the trans-
mitting step, an electrical oscillation is produced at the
selected frequency by means of an oscillating circuit and an
alternating magnetic field resulting from the electrical oscil-
lation is produced at the same frequency. By switching the
switches of the oscillating circuit into an activation step of the
control step, the frequency of the electrical oscillation is
switched over.
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According to a further embodiment, the oscillating circuit
has a controlled voltage source or current source, for example
a DC voltage circuit connected thereto, in order to stimulate
and maintain the oscillation in the oscillating circuit and to
control the amplitude of the oscillation, for example by keep-
ing the amplitude constant.

Such an oscillating circuit permits an electrical oscillation
to be produced at a frequency which is substantially constant
in time windows, and which may also still be varied by
switching the switches.

According to a further embodiment, the transmitting
arrangement has at least one sensor for measuring and/or
registering the energy distribution in the oscillating circuit. To
this end, for example, the magnetic field strength of the mag-
netic field produced by the coil and/or the voltage is measured
and/or registered via the capacitors. Moreover, the activation
means are configured to switch over the switches only in the
case of maximum energy or within the range of maximum
energy measured in the coil.

According to an embodiment of the method, in the trans-
mitting step the energy distribution within the oscillating
circuit is measured by the sensor and in the activation step the
switches are switched over depending on the energy distribu-
tion in the oscillating circuit.

By switching the switches only if the entire energy and/or
substantially the entire energy is present in the coil, it is
possible to switch over the switches without load. As a result,
energy losses and phase shifts of the electrical oscillation and
of the resulting alternating magnetic field are avoided. Over-
all, therefore, lower energy consumption is required in order
to maintain the oscillation in the oscillating circuit despite
varying the frequency of the oscillation.

According to a further embodiment, the proximity sensor
has an evaluation circuit with an amplitude monitoring circuit
for monitoring the amplitude of the selected frequency, a
frequency derived from the selected frequency, the envelope
of' the selected frequency or the envelope of the frequency of
the registered alternating magnetic field derived from the
selected frequency. In an evaluation step of the proximity
sensor, the amplitude is monitored of the selected frequency,
afrequency derived from the selected frequency, the envelope
of' the selected frequency or the envelope of the frequency of
the registered alternating magnetic field derived from the
selected frequency, in an amplitude monitoring step of the
evaluation step.

By means of the amplitude monitoring circuit, for example
by comparing the amplitude values and/or values of the moni-
tored amplitude, for example the envelope of the selected
frequency of the registered alternating magnetic field, with
values stored in a selected table—by considering the ampli-
tude of the selected frequency of the transmitted alternating
field—the degree of proximity to an electrically conductive
body is determined. Such tables are in this case, for example,
predetermined according to the geometric paths of the move-
ment of the proximity sensor towards the electrically conduc-
tive body and/or according to the shape and the size and the
material of the electrically conductive body and then specifi-
cally selected when determining the proximity. Alternatively
or additionally, by the proximity sensor passing the electri-
cally conductive body at a maximum monitored amplitude or
within the range of the maximum monitored amplitude, for
example the envelope of the selected frequency of the regis-
tered alternating magnetic field, the shortest distance from the
electrically conductive body is determined and/or registered
or detected.

According to a further embodiment, the evaluation circuit
has a phase monitoring circuit and/or in an evaluation step a
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phase is monitored by a phase monitoring step. More specifi-
cally, by the phase monitoring circuit and/or the phase moni-
toring step, the phase is monitored of the selected frequency,
afrequency derived from the selected frequency, the envelope
of' the selected frequency or the envelope of the frequency of
the registered alternating magnetic field derived from the
selected frequency. Phase shifts of the monitored phases are
then identified when the monitored phase alters more rapidly
in chronological terms than predetermined by a second
threshold value. In the case of a “more rapid” phase change
and/or a phase shift, the values registered when determining
the proximity, i.e. the specific degree of proximity, are
rejected and identified as invalid.

By means of the phase monitoring circuit it is possible to
identify interfering alternating magnetic fields which, in spite
of the detection means, occur “without warning” in the fre-
quency range of the selected frequency, as such alternating
magnetic fields which occur without warning generally have
a different phase from the transmitted alternating magnetic
field.

According to a further embodiment, the evaluation circuit
has a frequency mixer and/or the evaluation step has a fre-
quency mixing step. By means of the frequency mixer and/or
in the frequency mixing step, electrical signals generated
from the registered and transmitted alternating magnetic field
are mixed multiplicatively before they are supplied, for
example, to the phase monitoring circuit and/or the amplitude
monitoring circuit.

Due to this mixing, it is possible to filter the mixed signal in
the evaluation circuit and/or in the evaluation step with band-
passes which have been uniquely predefined in each case for
a phase monitoring circuit and an amplitude monitoring cir-
cuit. Thus it is not necessary to shift the bandpasses in the
frequency range as a result of the changing selected frequen-
cies.

According to a further embodiment, the proximity sensor
has a memory circuit and a prediction circuit. The time curve
of'the detected frequencies is stored by means of the memory
circuit. Interfering frequencies likely to occur in the future are
thus predicted from the time curve by means of the prediction
circuit. The predicted frequencies are then supplied to the
blocking circuit of the control logic as further detected fre-
quencies. Accordingly, in one embodiment of the method in a
storage step, the time curve of the detected frequencies is
stored and frequencies which are then supplied to the block-
ing step as further detected frequencies are predetermined in
a prediction step.

By means of the memory circuit and the prediction circuit
and/or the memory step and the prediction step it is possible
in interfering alternating magnetic fields which change tem-
porarily relative to the frequency, to predict in advance poten-
tial interfering frequencies of interfering alternating magnetic
fields and to avoid transmitting an alternating magnetic field
at these frequencies.

According to a further embodiment, the proximity sensor
has a correction circuit by means of which values determined
when evaluating the proximity are corrected using knowledge
of the detected frequencies. By means of the correction cir-
cuit, for example, it is possible to correct the values of the
amplitude or phase in the evaluation circuit when the values
are influenced by detected frequencies.

DRAWINGS

Further advantageous embodiments are revealed from the
exemplary embodiments which are described in more detail
with reference to the drawings.

20

30

35

40

45

55

6

FIG. 1 shows a water craft comprising an exemplary
embodiment of a proximity sensor in accordance with various
embodiments of the present disclosure.

FIG. 2 shows an oscillating circuit of a transmitting
arrangement, in accordance with various embodiments of the
present disclosure.

FIG. 3 shows a chronological sequence shown by way of
example, taking place in a control logic of the proximity
sensor, in accordance with various embodiments of the
present disclosure.

FIG. 4 shows a detail of the time curve of the amplitude of
an electrical oscillation in an exemplary embodiment of an
oscillating circuit of a transmitting arrangement in, accor-
dance with various embodiments of the present disclosure.

FIG. 5 shows a schematic layout of an exemplary embodi-
ment of the proximity sensor according to the invention,
accordance with various embodiments of the present disclo-
sure.

FIG. 6 shows an exemplary embodiment of an evaluation
circuit, accordance with various embodiments of the present
disclosure.

FIG. 7 shows a flow diagram of an exemplary embodiment
of the method, accordance with various embodiments of the
present disclosure.

FIG. 8 shows a time curve of the frequency of a transmitted
alternating magnetic field as well as an interfering alternating
magnetic field, accordance with various embodiments of the
present disclosure.

DETAILED DESCRIPTION

The following description is merely exemplary in nature
and is in no way intended to limit the present teachings,
application, or uses. Throughout this specification, like ref-
erence numerals will be used to refer to like elements.

FIG. 1 shows an exemplary embodiment of a proximity
sensor according to the invention which is arranged in an
underwater vehicle 10. The underwater vehicle 10, which for
example is a torpedo, has in the rear region a transmitting
arrangement 12 and in the front region a receiving arrange-
ment 14. The transmitting arrangement 12 is represented by a
coil arranged in the longitudinal direction of the water craft
and the receiving arrangement 14 is shown arranged in the
vertical direction and in the transverse direction of the under-
water vehicle 10. An alternating magnetic field 16 is trans-
mitted by means of the transmitting arrangement 12, the
alternating magnetic field 16 in this case being represented by
way of example by field lines. The transmitted alternating
magnetic field 16 hits an electrically conductive body 18
which in this case is shown as a surface ship. In the electri-
cally conductive body 18, in this case in the hull of the surface
ship, eddy currents are produced by the transmitted alternat-
ing magnetic field 16 which in turn generate an alternating
magnetic field 20. The alternating magnetic field 20 gener-
ated in the electrically conductive body 18 is registered by the
receiving arrangement 14 of the underwater vehicle 10.

FIG. 2 shows an oscillating circuit 21 of an exemplary
embodiment of the transmitting arrangement 12. The oscil-
lating circuit 21 has a coil 22, three capacitors 24a to 24c,
three switches 26410 26¢, a sensor 27 and a controlled voltage
source 28. The controlled voltage source 28, which for
example is a clocked DC voltage circuit or a controlled alter-
nating voltage source, sets the oscillating circuit 21 of the
transmitting arrangement 12 into electrical oscillation and
maintains the oscillation with a predefined amplitude curve.
Moreover, instead of the voltage source 28 a controlled cur-
rent source is also possible.
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By switching the switches 26a to 26¢, the frequency of the
electrical oscillation is able to be adjusted. To this end, the
switches 264 to 26¢ can be opened or closed independently of
one another in any combination. In the present exemplary
embodiment of FIG. 2, the switches 26a are closed and the
switches 265 and 26¢ are opened. Moreover, in FIG. 2, three
switches 26a to 26¢ and capacitors 24a to 24¢ are shown,
wherein an oscillating circuit 21 of alternative configuration
has more than, or fewer than, three switches 26a to 26¢ and
capacitors 24a to 24c.

The sensor 27 in this case is configured as a voltage meter
for registering the voltage Uc, which is applied via the parallel
circuit of the capacitors 24a-24¢. The purpose of the sensor 27
is to determine the energy distribution in the oscillating cir-
cuit 21, i.e. the current state of the oscillation. According to a
further exemplary embodiment, therefore, it is also possible
for one sensor 27 to be used which determines the field
strength of the magnetic field in the coil 22 or the electrical
field in the capacitor(s) 24a-24¢. The switches 26a to 26¢ are
activated by activation means, not shown.

FIG. 3 shows a sequence of the selection of a frequency as
the selected frequency, shown by way of example, taking
place in a control logic, in particular in a time control of the
control logic, of a proximity sensor. To this end, the frequen-
cies f1 and f2 are shown, as well as a pointer 30 and a time axis
31. The pointer 30 moves with the time, i.e. with the passage
of'time, in the direction 32 of the time axis 31 and thus always
points to a frequency. At the time shown, the pointer 30 points
to the frequency f1, which is thus selected at this time as the
selected frequency 33. As the time advances through a time
window 34aq, i.e. the duration of a time period, the frequency
f1 is selected as the selected frequency 33. After the passage
of time through the time window 34a, the subsequent fre-
quency f2 which is denoted as the following frequency 35 of
the previous currently selected frequency 33, is selected as the
newly selected frequency 33 for a time window 344 following
the current time window 34a. According to a specific exem-
plary embodiment, the duration of all of the time windows
34a, 3454 is the same length. In FIG. 3, the time windows 34a,
345 which follow one another chronologically are shown,
wherein according to a further exemplary embodiment the
time windows 34a, 345 are chronologically spaced apart.

The defining of the following frequencies 35 and the selec-
tion of the frequencies as the selected frequency 33 for one
respective time window 34 is carried out in the control logic,
wherein by using activation means of the control logic, the
switches 26a to 26¢ of an oscillating circuit 21, as shown in
FIG. 2, are activated, for example. By such an activation, the
alternating magnetic field 16 is transmitted at a frequency,
wherein the frequency corresponds to the frequency 33
selected at the current transmission time.

FIG. 4 shows a detail of the time curve of the voltage Uc of
an oscillating circuit 21. The time curve of the voltage Uc has
afrequency which corresponds to a frequency of the electrical
oscillation in the oscillating circuit 21. In the zero crossings
36 of the time curve the total energy of the oscillating circuit
21 in the coil 22 of the oscillating circuit 21 is stored in the
form of a magnetic field at a maximum field strength and/or
amplitude. In the zero crossings 36, therefore, the switches
26a to 26¢ are preferably switched over in order to alter the
frequency of the electrical oscillation of the oscillating circuit
21. As in the zero crossings 36 no voltage is applied to the
capacitors 24a to 24c, i.e. no energy is stored in the form of an
electrical field in the capacitors 24a to 24¢, by connecting or
disconnecting the capacitors 24a to 24c¢ to the switches 26a to
26¢ in the zero crossings 36, no phase shifts occur in the
electrical oscillation. This is shown by way of example in
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FIG. 4 by the switchover time 37, in which the switches 26a
to 26¢ are switched over so that the electrical oscillation,
which has the frequency fl1 before the switchover, has the
frequency f2 after the switchover at the switchover time 37.

In FIG. 5, the schematic layout of an exemplary embodi-
ment of the proximity sensor 38 is shown. The proximity
sensor 38 has the receiving arrangement 14, by which the
alternating magnetic field 20 is registered. The registered
alternating magnetic field 20, for example after being treated
by being converted into an electrical signal, is supplied to an
evaluation circuit 39. Moreover, the electrical signal is also
supplied to a detection means 40. The proximity sensor 38
additionally comprises a control logic 41, by means of which
frequencies are selected as selected frequencies 33 and fol-
lowing frequencies 35 are in each case defined for each
selected frequency 33. The frequency 33 currently selected in
the control logic 41 is supplied to the evaluation circuit 39 as
well as to the detection means 40.

In the evaluation circuit 39, the amplitude and/or the phase
of'the selected frequency 33, of a frequency derived from the
selected frequency 33, the envelope of the selected frequency
33 or the envelope of the frequency of the registered alternat-
ing magnetic field 20 derived from the selected frequency 33
are monitored and the proximity and/or degree of proximity
to the electrically conductive body 18 are determined there-
from. Moreover, it is also possible, for example using a com-
parison of the amplitude and/or phase of the monitored fre-
quency of the registered alternating magnetic field 20 as well
as the selected frequency 33 of the transmitted alternating
magnetic field 16, to determine the degree of proximity and/
or a value of the proximity to the electrically conductive body
18. This degree and/or proximity is then displayed by an
interface 44, configured as a display, for example. According
to a further exemplary embodiment, it is possible to connect
a triggering device, not shown here, to the interface 44, by
which an event is triggered in the case of a predefined, for
example the maximum, proximity.

In the detection means 40, using the selected frequency 33
and using the frequencies and/or frequency components of
the detected alternating magnetic field 20 frequencies are
determined and/or detected which do not correspond to the
frequency of the transmitted alternating magnetic field 16, i.e.
the selected frequency 33, and in each case have an amplitude
which is above a predefined threshold value. These detected
frequencies 45 are supplied to a memory circuit 46 which
stores the time curve of all detected frequencies and to a
blocking circuit of the control logic 41, not shown.

The detected frequencies 45 or the frequencies of a pre-
defined frequency band are set and/or defined by the blocking
circuit of the control logic 41, in each case by one of the
detected frequencies 45 as blocked frequencies, and excluded
when defining at least one following frequency 35 following
the selected frequency 33.

The detected frequencies 45 are stored in the memory
circuit 46 and the time curve obtained by storing the detected
frequencies 47 over a time period is supplied to a prediction
circuit 50. In the prediction circuit 50 further frequencies 48
are predicted using the time curve of the detected frequencies
47. These further frequencies 48 are also supplied to the
blocking circuit of the control logic 41 and treated there as
detected frequencies 45, i.e. blocked frequencies are defined.

Moreover, by activation means, not shown, of the control
logic 41, the transmitting arrangement 12, in particular
switches 264 to 26¢ of the transmitting arrangement 12, are
activated by a control signal 51 such that the transmitting
arrangement 12 transmits the alternating magnetic field 16 at
the selected frequency 33.
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FIG. 6 shows an advantageous exemplary embodiment of
the evaluation circuit 39 with the interface 44. The evaluation
circuit 39 has a mixer and/or frequency mixer 52. The regis-
tered alternating magnetic field 20 and/or an electrical signal
derived from the registered alternating magnetic field 20 are
supplied to the frequency mixer 52. Moreover, the selected
frequency 33 and/or an electrical signal derived from the
selected frequency 33 is supplied to the frequency mixer 52.
The two signals are mixed multiplicatively in the frequency
mixer 52. The result of the mixing is a mixed signal 53 which
is supplied to an amplitude monitoring circuit 54 and to a
phase monitoring circuit 56.

In the amplitude monitoring circuit 54 and in the phase
monitoring circuit 56, the mixed signal 53 is filtered in each
case by a bandpass filter. In the amplitude monitoring circuit
54, for example a bandpass filter is selected which is of
narrow band so that when monitoring the amplitudes only the
frequency which corresponds to the frequency 33 selected in
the time window of the monitoring after mixing is considered.
In the phase monitoring circuit 56, however, the bandpass
filter is selected to be broader, for example, in comparison
with the amplitude monitoring circuit 54, so that phases of the
frequencies are also considered which are in a predefined
frequency band further “above” or “below” the frequency,
which corresponds to the frequency selected in the time win-
dow of the monitoring after mixing.

In the amplitude monitoring circuit 54, the amplitude of the
mixed frequency or the envelope of the frequency is moni-
tored and, for example, when reaching a specific value of the
amplitude and/or when reaching the maximum amplitude, for
example, a trigger impulse is transmitted at the interface 44.
In the phase monitoring circuit 46, the phase of the mixed
frequency or the envelope of the frequency is monitored and
in the case of a phase which temporarily alters more rapidly
than is predetermined by a further predefined threshold value,
a signal is also transmitted to the interface 44, so that a
triggering device (not shown) connected to the interface is
able to ignore a triggering impulse which is present, in the
case of a signal of the phase monitoring circuit 46 occurring
in the same time range.

FIG. 7 shows in a similar manner to FIG. 5 a flow diagram
of an exemplary embodiment of the method according to the
invention. In a control step 58, frequencies 33 are selected and
following frequencies 35 for the respectively selected fre-
quency 33 are transmitted. In a transmitting step 62, an alter-
nating magnetic field 16 is then transmitted at the respectively
selected frequency 33. In a receiving step 64, alternating
magnetic fields 20 are registered and in an evaluation step 66
the proximity is determined by evaluating the transmitted
alternating magnetic field 16, in particular by comparing with
the registered alternating magnetic field 20.

Moreover, in a detection step 70, one or more frequencies
of the registered alternating magnetic field 20 are detected,
where the frequencies are outside a pre-defined and/or pre-
determined frequency band, which encompasses the selected
frequency 33, and have an amplitude value above a predefined
threshold value. “Predetermined” and/or “predefined” means
here that at least the bandwidth and the position of the
selected frequency 33 within the frequency band, i.e. the
distance and the direction of the selected frequency from the
mean frequency of the respective frequency band are defined
in advance.

In a blocking step of the control step 58, in each case for
one time period, frequencies of a predefined frequency band
comprising the detected frequency 45, or a plurality of pre-
determined frequency bands comprising in each case at least
one of the detected frequencies 45, are defined as blocked
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frequencies. These blocked frequencies are then not defined
as following frequencies 35 in the control logic 41 for times of
the time period which are within the predefined duration.

FIG. 8 shows a time curve of the frequency of the alternat-
ing magnetic field 16 transmitted by an exemplary embodi-
ment of the invention. This time curve is shown by the lines
80a to 800. Each of the lines 80a to 800 corresponds in each
case to one of the frequencies f1 to f7 to be read off a fre-
quency axis 82. Each line 80a to 800 is additionally assigned
to a predefined time window 34, the time thereof being read
off a time axis 84. Each time window 34 has in this case the
same duration. Each line 804 to 800 thus corresponds to one
of'the frequencies f1 to 7 which, in a time window 34 able to
be read off the frequency axis, has been selected as the
selected frequency 33. Thus, for example, from the time t0 to
t1, an alternating magnetic field 16 has been transmitted at the
frequency f1, from the time t1 to t2, an alternating magnetic
field has been transmitted at the frequency f2, etc. The fre-
quency f2 in the time window t1 to t2 corresponds to the
following frequency 35 of the previously selected frequency
f1 in the previously current time window t0 to t1.

Moreover, the frequency 86 of an interfering magnetic field
is shown. This varies over the time curve, namely in the time
window from t8 to t10. A frequency band 88 is shown around
the frequency 86 of the interfering magnetic field.

Ifthe time curve of the frequencies f1 to {7 is considered, it
can be identified that the frequencies are never in the range of
the frequency band 88. The reason for this is that in the control
logic 41 and/or in the control step 58 only frequencies for
subsequent successive frequencies are defined, the frequen-
cies not being detected by the detection means 40 and/or in
the detection step 70, and having been excluded by the block-
ing circuit and/or in the blocking step from the defining pro-
cess and/or having been defined as blocked frequencies.

Thus the proximity sensor 38 according to the invention
and the method according to the invention for determining the
proximity to an electrically conductive body 18 permits the
proximity to be reliably determined, irrespective of interfer-
ing alternating magnetic fields.

All features cited in the above description and in the claims
are able to be used individually or in any combination accord-
ing to the invention. The disclosure of the invention is, there-
fore, not limited to the disclosed and/or claimed combination
of features. Instead, all combinations of individual features
are to be considered as disclosed.

What is claimed is:

1. A proximity sensor for determining the proximity to an
electrically conductive body, said sensor comprising:

a transmitting arrangement structured and operable to
transmit a transmitted alternating magnetic field at a
selected frequency,

areceiving arrangement structured and operable to register
a registered alternating magnetic field,

a detection means structured and operable to detect one or
more frequencies of the registered alternating magnetic
field, which are outside a predefined frequency band
having the selected frequency and have an amplitude
value above a predefined threshold; and

a control logic comprising:

a blocking circuit structured and operable to define one
of frequencies of a predefined frequency band having
a detected frequency, and a plurality of predefined
frequency bands each having at least one detected
frequency, as blocked frequencies for a predefined
time period:

a selection controller structured and operable to define a
following frequency that follows the respectively



US 9,151,590 B2

11

selected frequency and is different from the respec-
tively selected and the blocked frequencies; and

a time control structured and operable to continuously
select the respective following frequency of a cur-
rently selected frequency as a newly selected fre-
quency that is one of immediately after and chrono-
logically spaced apart from a time window
predetermined for the currently selected frequency.

2. The proximity sensor according to claim 1, wherein the
transmitting arrangement includes an oscillating circuit hav-
ing at least one coil and a plurality of capacitors structured
and operable to be connected in parallel by switches in any
combination with one another, for generating an electrical
oscillation at the selected frequency and the transmitted alter-
nating magnetic field resulting from the oscillation, and the
control logic further comprises an activation means struc-
tured and operable to activate the switches of the oscillating
circuit for switching over the frequency of the electrical oscil-
lation.

3. The proximity sensor according to claim 2, wherein the
oscillating circuit includes a sensor structured and operable to
measure the energy distribution in the oscillating circuit and
the activation means are configured in order to switch over the
switches of the oscillating circuit, only in the case of one of a
maximum energy and an energy within a range of maximum
energy measured in the coil.

4. The proximity sensor according to claim 3, wherein the
proximity sensor further includes an evaluation circuit
including an amplitude monitoring circuit structured and
operable to determine proximity by monitoring the amplitude
of at least one of the selected frequency, a frequency derived
from the selected frequency, an envelope of the selected fre-
quency, and an envelope of the frequency of the registered
alternating magnetic field derived from the selected fre-
quency.

5. The proximity sensor according to claim 4, wherein the
proximity sensor further includes an evaluation circuit
including a phase monitoring circuit structured and operable
to monitor the phase of at least one of the selected frequency,
afrequency derived from the selected frequency, the envelope
of'the selected frequency and the envelope of the frequency of
the registered alternating magnetic field derived from the
selected frequency and to validate the results when determin-
ing the proximity.

6. The proximity sensor according claim 5, wherein the
evaluation circuit further includes a frequency mixer struc-
tured and operable to mix an electrical signal derived from the
registered alternating magnetic field and an electrical signal
derived from the selected frequency.

7. The proximity sensor according to claim 6, wherein the
proximity sensor further includes a memory circuit structured
and operable to store a time curve of detected frequencies and
a prediction circuit structured and operable to predict further
frequencies from the time curve of already detected frequen-
cies and to transmit the further frequencies as detected fre-
quencies to the blocking circuit.

8. The proximity sensor according to claim 7, wherein the
control logic includes a correction circuit structured and oper-
able to correct the results of determining the proximity using
knowledge of the detected frequencies.

9. A method for determining the proximity to an electri-
cally conductive body, said method comprising:
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transmitting a transmitted alternating magnetic field at a

selected frequency,

receiving and registering a registered alternating magnetic

field,

detecting one or more frequencies of the registered alter-

nating magnetic field that are outside a predefined fre-

quency band having the selected frequency and have an

amplitude value above a predefined threshold value; and

controlling the transmitting, receiving and detecting by:

defining as blocked frequencies, for a predefined time
period, frequencies of one of a predefined frequency
band comprising the detected frequency, and a plural-
ity of predefined frequency bands that each comprise
at least one of the detected frequencies,

selecting a following frequency following the respec-
tively selected frequency and different from the
respectively selected and the blocked frequencies,
and

continuously selecting as a newly selected frequency the
respective following frequency of a currently selected
frequency one of immediately after and chronologi-
cally spaced apart from a predetermined time window
for the currently selected frequency.

10. The method according to claim 9, wherein:

transmitting the transmitted alternating magnetic field at a

selected frequency comprises generating an electrical
oscillation at the selected frequency and the transmitted
alternating magnetic field resulting from the oscillating
utilizing an oscillating circuit comprising at least one
coil and a plurality of capacitors respectively connect-
able in any combination with one another in parallel by
switches, and

the controlling of the transmitting, receiving and detecting

comprises activating the switches of the oscillating cir-
cuit to switch over the switches to switch the frequency
of the electrical oscillation.

11. The method according to claim 10, wherein:

transmitting the transmitted alternating magnetic field at a

selected frequency further comprises registering, using
at least one sensor the energy distribution in the oscil-
lating circuit, and

activating the switches of the oscillating circuit comprises

switching over the switched in the case of one of a
maximum energy and an energy within the range of
maximum energy measured in the coil.

12. The method according to claim 11, further comprising
determining, utilizing an amplitude monitoring circuit, the
proximity by monitoring at least one of the amplitude of the
selected frequency, a frequency derived from the selected
frequency, an envelope of the selected frequency, and an
envelope of the frequency of the registered alternating mag-
netic field derived from the selected frequency.

13. The method according to claim 12, further comprising:

monitoring, utilizing a phase monitoring circuit, the phase

of at least one of the selected frequency, a frequency
derived from the selected frequency, the envelope of the
selected frequency, and the envelope of the frequency of
the registered alternating magnetic field derived from
the selected frequency; and

validating the results when determining the proximity.
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